Abstract-In recent decades, both the industry and the academy society are sparing no efforts to develop and standardize the Cellular-Vehicle-to-Everything (C-V2X) communication which is one of the prominent emerging services of the next generation of wireless network (5G). C-V2X communication is used for information exchange among the traffic participants with network-assisted which can reduce traffic accidents and improve traffic efficiency. And it is also the primary enabler for cooperative driving. But C-V2X communication has to meet different Quality of Service (QoS) requirements (e.g., ultra-high reliability (99.999%) and ultra-low latency). Guaranteeing a high-level reliability is a big challenge, the performance of C-V2X communication is heavily dependent on the channel model. Hence, the selection of channel models plays an important role in evaluating the performance of C-V2X communication.
I. INTRODUCTION
In modern society, the rapid development of transportation system has led to certain issues such as the traffic congestion, fuel consumption, pollution, and long travel time [1] . In order to address these problems, the Cooperative Intelligent Traffic System (C-ITS) can facilitate the cooperative driving applications, such as platooning and highly-automated driving by warning the driver of dangerous situations and intervening through automatic braking or steering to help the drivers avoid the traffic accidents [2] . So the C-ITS is expected to significantly reduce the travel time, fuel consumption, and CO2 emissions while increasing road safety and traffic efficiency. The C-ITS system relies on the timely and reliable exchange of information among traffic participants, (e.g., vehicles, RoadSide Units (RSUs)), pedestrians and the network [3] . In C-ITS, C-V2X communication is a key element which enables data exchange to make traffic safer and more efficient. In order to support C-V2X communication, 5G should be able to provide a solution to support the high-reliability and high-availability, in the field of latency, Packet Reception Ratio (PRR) and other QoS parameters [4] . A lot of researches proposed direct C-V2X communication [3] [4] [5] , which means data packets are transmitted directly from the Transmitter (Tx) to the Receivers (Rxs) without going through the network infrastructures. Since no network infrastructures involved there is lower system transmission delay thereby leading to a better system performance. For example, the IEEE 802.11p protocol has been proposed by the European Telecommunication Standards Institute (ETSI) Intelligent Transport Systems (ITS), which acts as the air interface for the direct C-V2X communication. But since there is no central entity (e.g., Base Station (BS)), packets transmission collision problem cannot be avoided [5] . Moreover, in 3GPP, PC5 has been proposed to facilitate the direct C-V2X communication which is usually referred to as the sidelink [6] . Up to 3GPP release 14, the sidelink communication is connection-less which means there is no Radio Resource Control (RRC) connection over PC5 air interface. However, in [7] , C-V2X communication transmitting data packets through the cellular network infrastructures has been considered based on the legacy 4th Generation cellular network (i.e., LTE network). LTE-Uu interference facilitates the C-V2X communication and a higher end-to-end (E2E) latency compared to the direct C-V2X communication can be foreseen [7] . The performances of the direct C-V2X communication under varying channel propagation models are provided. Different radio propagation models could have varying effects on the system performance.
II. SYSTEM DESCRIPTION
The direct C-V2X communication through sidelink is a mode of communication whereby a User Entity (UE) can directly communicate with other UEs in its proximity over the PC5 air interface proposed in 3GPP [5] . This communication is a point-to-multipoint communication where several Rxs try to receive the same data packets transmitted from the Tx. As shown in Fig.1 , network-assisted direct C-V2X transmission model is implemented in this work under a highway scenario for data packets transmission. And all UEs are connected to BSs and the UE radio architecture consisted of the U-Plane and C-Plane is provided for the C-V2X communication. In this work, the Tx directly transmits its data packets to the surrounding Rxs in the communication range of the Tx in the U-Plane. Therefore, without involving the C-Plane, the direct C-V2X communication is efficient from the latency aspect. And all UEs are connected to the operator network in the Cplane where can provide network control for the direct C-V2X communication. Also, in order to enable the fully automated driving and avoid accidents on highway, a C-V2X communication range on a highway scenario is required to be up to 1000 meters [8] . And this communication mode is supported no matter whether the UE is under the coverage of the cellular network or not. In addition, a prerequisite is that the UE must be authorized and allowed to use the Proximity Services (ProSe) which is the logical function used for network related actions required for ProSe [9] . In 3GPP, there are two sidelink transmission modes to assign radio resources to C-V2X Txs.
In the sidelink transmission mode 3, the transmission resource is scheduled by the cellular network and therefore network can allocate the same radio resource for different Txs for their direct C-V2X communication. Sidelink transmission mode 3 is only available when the vehicles are under cellular coverage.
To assist the resource allocation procedure at the BS, UE context information (e.g., traffic pattern geometrical information) can be reported to BS. In the sidelink transmission mode 4, a Tx in C-V2X communication can autonomously select a radio resource from a resource pool which is either configured by network or pre-configured in the user device for its direct C-V2X communication over PC5 interface. In contrast to mode 3, transmission mode 4 can operate without cellular coverage. In this work, only transmission mode 3 is utilized for the direct C-V2X communication through sidelink which means all UEs are under the coverage of the cellular network and network control the resource allocation.
III. SYSTEM-LEVEL SIMULATIONS
In order to evaluate the proposed direct C-V2X communication over sidelink by applying different channel models, a system-level simulator has been implemented to inspect on the performance of the direct C-V2X communication on a highway. In this section, we provide the detailed simulation assumptions for the direct C-V2X communication. Other system parameters and guideline are provided in [10] .
A. Environment Model
In this work, a highway scenario is considered to analyze the system performance. And we also consider a more special test environment based on the highway which assumes that all vehicles on the highway with the same speed and the same Inter-Vehicle-Distance (IVD). The main configuration parameters are including a single-directional highway which is 3-lanes with 20 kilometers [3] .
BSs are deployed with an Inter-Site-Distance (ISD) of 6 kilometers alongside the highway to provide C-Plane connections to the UEs of the direct C-V2X communication.
And we assume the IVD is 10 meters or 15 meters to inspect the system performance with different overall traffic volumes. In this work, the antenna height of BS utilized is 35 meters. And on the top of each vehicle, an isotropic antenna is installed at a height of 1.5 meters. And 1×2 antennas B. Deployment Model configuration (i.e., Rx diversity) is exploited for the direct C-V2X communication over sidelink. Also, each C-V2X Tx has a constant transmission power of 24 dBm. In addition, the transmission on PC5 is over 5.9 GHz central frequency with a bandwidth of 10 MHz.
C. Traffic Model
Traffic model specific for the safety-and-efficiency-related issues in the direct C-V2X communication includes both the event-driven and the periodical massages.
• Event-driven message: For this transmission, once a vehicle experiences certain events from the local environment, the event-driven messages will be delivered to all the vehicles in the proximity of the Tx. However, this type of message only needs to be generated and transmitted for one time, and thus a small volume of data traffic is expected.
• Periodic transmission: Compared to the event-driven traffic for the direct C-V2X communication, the periodic transmission refers to a continuously transmitting information including location, speed or roadway situation.
In this work, we utilize a periodic package transmission of 212 bytes with 10 Hz periodicity for each vehicle [11] , since the traffic data volume of periodic transmission is higher than that of the event-driven messages.
D. Modulation and coding schemes
An appropriate Modulation and Coding Scheme (MCS) is quite important for a point-to-multipoint communication and should be able to meet the system capacity requirement and provide a good robustness [3] . Thus, the MCS Spectral Efficiency (SE) is calculated as:
Where S represents the packets size and R is the package transmission period. BW is the allocated bandwidth and N is the number of UEs. In order to guarantee a robust transmission, an MCS with a lower spectral efficiency is required. So the network should apply the MCS which has the lowest spectral efficiency while fulfills the condition shown in Eq. (1).
E. Key Factor Indicator (KPI)
In order to inspect the performance evaluation with the reliability by applying the three channel models, a value of 1% is set as the threshold w.r.t. the (Block-Error-Ratio) BLER which means if the BLER value of each Rx is lower than the threshold value, then we assume the data packets transmitted by the Tx have been successfully received by the Rx. BLER and PRR are mutually complementary. So we use PRR values to represent the performances characteristics of the three channel models.
IV. CHANNEL MODEL
In general, radio propagation models can be fallen into two broad categories: large-scale propagation models and smallscale propagation models.
• Large-scale propagation models: They are used to predict the average signal strength decays and combine overall effect of the pathloss and shadowing.
• Small-scale fading models: They are used to characterize rapid fluctuations of the received signal strength over very short distance or very short time durations. Fig.2 shows the combined effects of the large-scale propagation and small-scale propagation. It shows that the radio signal attenuation as a function of distance from the source may be conceived as the superposition of the pathloss, shadowing, and multipath effects [12] . There are many channel propagation models for cellular communication. Deriving channel models for C-V2X communication is still in initial stages. Channel propagation models for V2X communication are far more sophisticated. For the purpose of evaluation, we consider the following channel models for analyzing the performance of the direct C-V2X communication. In this work, only large-scale fading (e.g., pathloss and shadow fading) are exploited.
A. Model 1: Two-Ray Interference Model
In this work, the Two-Ray interference model is used. Because this model is a realistic treatment of the pathloss which takes into account that the radio signal gets at least at the ground [13] . And the pathloss is calculated as:
Where h T x and h Rx are the antenna heights of the Tx and the Rx, and the d is the distance between the Tx and Rx. d c is the cross distance for Two-Ray ground model and can be calculated as:
B. Model 2: WINNER II Channel Models
The WINNER II channel models are propagation models for calculating the pathloss. WINNER II channel models can be used in both link-level and system-level simulations, as well as comparison of different channel models. That's why we choose the WINNER II channel model for this system-level simulator. There are various propagation scenarios considered in WINNER II channel models, e.g., indoor office, urban macro-cell, or rural macro-cell [15] . In this work, since the simulation is based on a highway scenario, pathloss model for the rural macro-cell has been utilized in this case which is WINNER II D1 model. Both rural (Line of Sight) LOS and (None Line of Sight) NLOS states are both considered.
Where fc is the central frequency in 5.9 GHz and d is in meters.d B P is the breakpoint and computed as d B P = 4h B S h M S fc/c where fc is in Hz. h M S and h B S are the antenna heights of the mobile station and BS. The shadowing models for the three cases are added to the direct transmission links which are log-normal random variables with 4 dB, 6 dB, and 8dB standard deviations respectively.
C. Model 3: 3GPP Channel Model
In the latest 3GPP releases 15 [14] , there is a new channel model modelled according to the LOS and NLOS states. Both LOS propagation and NLOS propagation modelled for the V2X sidelink are given as:
P L N LO S = 36.85 + 18.9log10(f c ).
In Eq. (8) fc is the central frequency in 5.9 GHz and d is in meters. The shadow fading is also added to the transmission link which is a log-normal random variable with 3 dB standard deviation. In [13] , an additional vehicle blockage loss has been introduced. So we also add this blockage loss in this work.
V. NUMERICAL RESULTS
In this part, the performances of different C-V2X communication schemes are provided w.r.t PRRs. First of all, in Tab. I, we take the IVD of 10 meters with different resource allocation schemes applying different channel models into consideration. In order to inspect the system performance of the direct C-V2X communication, an efficient method is to apply different transmission bandwidths for the same channel model. As shown in Eq. (1), a larger system bandwidth can reduce the required spectral efficiency. Thus, an MCS value with a better robustness can be applied in this case. For example, when we increase the system bandwidth from 5 MHz to 10 MHz, the PRRs have been improved from 68.32 % to 90.10 %, from 39.83 % to 54.85 %, and from 76.73 % to 97.86 % corresponding to the Two-Ray interference model, WINNER II channel model, and 3GPP channel model. We can find out the different resource allocation schemes of the same channel model have a large impact on the system performance. Another efficient method is to apply different channel propagation models. It is worth noticing that the PRR values of the C-V2X communication using the 3GPP channel model are the largest among the three different channel models with same transmission bandwidth, which means the performance of the direct C-V2X communication system by applying the 3GPP channel model on a highway scenario can be improved a lot compared to Two-Ray interference model and WINNER II channel model. In Fig.3 , the Cumulative Distribution Function (CDF) of the pathloss and shadowing of the three different channel propagation models is plotted. And the range of the distance between the Tx and an Rx is from 1 meter to 8000 meters. Since the fast movement of vehicles on a highway scenario requires a large C-V2X communication range, the estimated PRRs should be collected within a communication range of 1000 meters. It can be easily found that the 3GPP channel model has the lowest pathloss value among the three different channel models. That is why we can get the most reliable performance of the direct C-V2X communication with larger communication range requirement by applying the 3GPP channel model. For instance, if the transmission bandwidth is 10 MHz, the PRR is increased from 54.85% using WINNER II channel model to 100% using 3GPP channel model. So 3GPP channel model can be applied to C-V2X applications which require ultra-high reliability on a highway scenario.
In Tab. II, we increase the IVD from 10 meters to 15 meters which means fewer vehicles are deployed on the highway. With the decreased UEs, a lower system capacity is introduced here. So the MCS with better robustness can be applied. That is the reason why the PRRs in Tab. II are higher than those in Tab. I within the same channel model. Moreover, the performance of the direct C-V2X communication using the 3GPP channel Model is also the most practical and reliable in this case. Fig.3 illustrates the CDF of pathloss values with and without shadowing. We take the WINNER II channel model as an example. When the distance between the Rx and Tx is less than 1000 meters, the channel model with or without shadowing doesn't affect the system performance. But if the distance increase up 6500 meters, the effect of shadowing fading on the system performance becomes more obvious than before. However, the effect of the shadowing on 3GPP channel model is less obvious than the WINNER II channel model with shadowing. 
VI. CONCLUSION
In this work, the performance of the direct C-V2X communication through sidelink has been analyzed under three different channel models. As some C-V2X communication applications require the ultra-high reliability, we analyze different channel models and try to find what kind of channel model can meet the requirements for the C-V2X applications on a highway scenario. Also, a detailed resource allocation scheme has been provided to analyze the system performance of the direct C-V2X communication. We also prove the shadowing for different channel models has different effects on the system performances. Further, according to the system performance characteristics of different channel models, we can apply the appropriate channel models for specific applications. So more researches on channel analyzing can be reduced. Last but not least, in order to evaluate the proposed technology, we have also implemented a system-level simulator with the simulation results.
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